Uncertainty theory is a branch of mathematics based on normolity, duality, subadditivity and product axioms. Uncertain process is a sequence of uncertain variables indexed by time. Canonical Liu process is an uncertain process with stationary and independent increments. And the increments follow normal uncertainty distributions. Uncertain differential equation is a type of differential equation driven by the canonical Liu process. Stability analysis on uncertain differential equation is to investigate the qualitative properties, which is significant both in theory and application for uncertain differential equations. This paper aims to study stability properties of linear uncertain differential equations. First, the stability concepts are introduced. And then, several sufficient and necessary conditions of stability for linear uncertain differential equations are proposed. Besides, some examples are discussed.
INTRODUCTION
Differential equation is a classic mathematical branch widely applied in physics, engineering, biology, economics and other fields. Due to the influence of randomness, stochastic differential equation, a type of differential equation driven by Brownian motion, was founded by Ito (1951) . Besides the Ito stochastic differential equations, Kunita and Watanabe (1967) introduced stochastic differential equations driven by square integrable martingales, and Meyer (1970) studied stochastic differential equations driven by square integrable semimartingales. After a half century development, the stochastic differential equation has been widely applied to physics, mechanics, biology, economics and finance, control theory, aerospace engineering, and other disciplines. It has become a basic modern mathematical tool to analyze the stochastic model for inspection system.
Note that the driven process Brownian motion is a stochastic process such that almost all sample paths are continuous but non-Lipschitz continuous functions, that is to say, all sample paths have infinite length. Thus, the Brownian motion describes the irregular movement of pollen with infinite speed. In order to describe the irregular movement of pollen with finite speed, an uncertain counterpart of Brownian motion called canonical Liu process was introduced by Liu (2008) . Canonical Liu process is a Lipschitz continuous uncertain process with stationary and independent increments, and each increment is a normal uncertain variable. Following the canonical Liu process, uncertain calculus was initialized by Liu (2009) to deal with differentiation and integration of functions of uncertain processes. Furthermore, uncertain differential equation, a type of differential equation driven by the canonical Liu process, was defined by Liu (2008) . Recently, Chen and Liu (2010) proved the existence and uniqueness theorem of solution for uncertain differential equation under the Lipschitz condition and linear growth condition. Moreover, uncertain differential equations have been applied to uncertain op-timal control by Zhu (2010) and uncertain financial market by Chen (2011 ), Liu (2008 and Peng and Yao (2011) . For exploring the recent developments of uncertainty theory, the readers may consult Liu (2010) .
Stability analysis on differential equation is an important aspect in investigating the qualitative properties of differential equation by Lyapunov function approach. Some efforts have also been devoted to the application of the Lyapunov function method to design controls or to obtain sufficient conditions for the optimality of a given control. The stability analysis on stochastic differential equations was initialized by Kats and Krasovskii (1960) through the stochastic Lyapunov approach to the study of qualitative properties of stochastic differential equations. The theory of stochastic Lyapunov functions has been a successful tool for assessing its stability properties (Kushner, 1967; Khas'minskii, 1962 Khas'minskii, ,1980 .
Since the canonical Liu process is more appropriate to describe the real existence noise, uncertain differential equations have advantages in describing dynamic systems. Stability analysis of uncertain differential equation also has a great practical and theoretical significance. The rest of the paper is organized as follows: preliminary concepts of uncertain processes are recalled in Section 2. The concepts of uncertain differential equation are recalled in Section 3. The definitions of stability for uncertain differential equation are introduced in Section 4. Several sufficient and necessary conditions of stability for linear uncertain differential equations are proved in Section 5. Finally, a brief summary is given in Section 6.
PRELIMINARY
Uncertain measure M is a real-valued set-function on a σ -algebra L over a nonempty set Γ satisfying normality, duality, subadditivity and product axioms. The triplet ( , , ) L M Γ is called an uncertainty space.
Definition 1 (Liu, 2007) . An uncertain variable is a function from an uncertainty space ( , , ) L M Γ to the set of real numbers, i.e., for any Borel set B of real numbers, the set
is an event.
The uncertainty distribution function
x The expected value of an uncertain variable is defined as follows.
Definition 2 (Liu, 2007) . Let ξ be an uncertain variable. Then the expected value of ξ is defined by
provided that at least one of the two integrals is finite.
Liu (2007) Definition 3 (Liu, 2008) . Let T be an index set and let ( , , ) L M Γ be an uncertainty space. An uncertain process is a measurable function from
to the set of real numbers, i.e., for each t T ∈ and any Borel set B of real numbers, the set
An important uncertain process called the canonical Liu process, which could be seen as the uncertain version of Wiener process, is difined as follows.
Definition 4 (Liu, 2009 
Definition 5 (Liu, 2009 ). Let t X be an uncertain process and let t C be a canonical Liu process. For any partition of cloesd interval [ , ] a b with
the mesh is written as
Then, the uncertain integral of t X with respect to t C is (1)
UNCERTAIN DIFFERENTIAL EQUATIONS
Based on the canonical Liu process, Liu (2008) introduced uncertain differential equation to describe dynamic uncertain systems.
Definition 6 (Liu, 2008) . Suppose that t C is a canonical Liu process, and f and g are some given functions. Then,
is called an uncertain differential equation. A solution is an uncertain process t X that satisfies (2) identically in t.
The following uncertain differential equation
is called a homogeneous linear uncertain differential equation. It has a unique solution Liu (2012) give two analytic methods to solve uncertain differential equations. We will introduced as follows.
Theorem 1 (Liu, 2011) . Let f be a function of two variables and let t σ be an integrable uncertain process. Then the uncertain differential equation Theorem 2 (Liu, 2011) . Let g be a function of two variables and let t be an integrable uncertain process. Then the uncertain differential equation 
CONCEPTS OF STABILITY
Before we study the stability properties of uncertain differential equations, we will introduce some stability concepts.
Definition 7 (Liu, 2009 ). An uncertain differential equation is said to be stable if any solutions t X and t Y satisfies 
Then for any positive number , ε we get
On the one hand, we have Chen and Gao: Industrial Engineering & Management Systems Vol 12, No 1, March 2013, pp.2-8, © 2013 KIIE 6 On the other hand, if Eq. (6) is stable, it follows from the definition of stability that for any given positive numbers κ and ε there exists a δ such that such that
